Global cardiac remodeling after acute myocardial infarction: A study in the rat model  by Weisman, Harlan F. et al.
JACe Vol. 5. No.6
June 1985:1355-62
Global Cardiac Remodeling After Acute Myocardial Infarction:
A Study in the Rat Model
HARLAN F. WEISMAN, MD, DAVID E. BUSH, MD, JOHN A. MANNISI, MD,
BERNADINE HEALY BULKLEY, MD, FACC
Baltimore. Maryland
1355
Infarct expansion, regional dilation ilnd thinning of the
infarct zone, occurs within I day after myocardial in-
farction. Whether the early change in regional shape of
infarct expansion affects the architecture of remote nor-
mal regions is unknown. To study this question, 45 rats
with a transmural infarct were killed at I, 2 and 3 days
after infarction and their hearts were examined for in-
farct size and extent of expansion. Wall thickness and
radius of curvature were measured within, adjacent to
and remote from the infarct zone. Equivalent regions
were analyzed in eight control hearts.
The extent of disproportionate wall thinning and in-
creased radius of curvature within the infarct zone of
hearts with expansion was not dependent on infarct size.
Infarct expansion, defined as disproportionate thinning and
dilation of acutely infarcted myocardium, occurs within the
first 24 hours after infarction (1,2) and is associated with a
poor clinical prognosis (3). Studies in human beings and
animals (4,5) have shown that expansion is the morphologic
substrate for aneurysm formation and cardiac rupture. Pre-
vious studies from this institution (3,6) demonstrated that
infarct expansion is a significant cause of early cardiac di-
lation in human beings after acute myocardial infarction .
Two-dimensional echocardiographic follow-up studies (7)
in patients with infarct expansion also suggested an overall
progressive cardiac dilation involving remote myocardium
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Significant wall thinning and increased regional radius
of curvature were also seen in adjacent and remote re-
gions of the hearts with expansion (p < 0.001). These
structural changes outslde of the infarct occurred in-
dependent of infarct age and size, and were not seen in
hearts without infarct expansion. Thus, when dispro-
portionate thinning and dilation occur in the infarct re-
gion, they are accompanied by a distortion in shape of
the entire heart including remote norinal myocardium.
This remote remOdeling of noninfarcted myocardium
correlates with extent of expansion, but not with age or
size of the infarct.
(J Am Coli CardioI1985;5:1355-62)
as a late consequence of early regional infarct expansion.
However, the early fate of myocardium outside of the infarct
zone is less clear.
Because is it the functional capacity of surviving non-
infarcted myocardium that will principally determine overall
pump function after infarction, structural alterations in these
normal regions could have impact on global cardiac function
and contribute to the poor clinical outlook in patients with
infarct expansion . Erlebacher et al. (6), studying patients
within 3 days of acute anterior wall myocardial infarction
by two-dimensional echocardiography , found that increases
in infarct segment length accounted for the increase in ven-
tricular volume seen in the patients with infarct expansion ;
noninfarcted segment lengths were not significantly different
from those in patients without acute infarction. Other stud-
ies, however, have suggested that early structural changes
occur in regions outside of the infarct zone. Theroux et al.
(8,9) demonstrated early increases in diastolic length of
myocardial segments adjacent to and remote from ischemic
segments in the canine model. Increased end-diastolic seg-
ment lengths in normal regions were also reported by Heik-
kila et al. (10) after acute infarction in pigs, and several
studies in human beings (II, 12) attributed increases in left
ventricular volume after myocardial infarction to dilation of
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normal segments . Thus, there is conflicting evidence as to
whether early structural changes occur in myocardium out-
side of the infarct zone in the first few days after myocardial
infarction. Furthermore, previous studies examining regions
outside of the infarct zone in the early course of myocardial
infarction have been limited to in vivo studies , where precise
quantitative analysis of cardiac structure is not possible by
currently available techniques.
The purpose of our study was to examine the morphologic
effects of infarct expansion on myocardium outside of the
infarct by utilizing quantitative descriptions of cardiac struc-
ture and shape in uniformly prepared postmortem speci-
mens. The rat model of acute myocardial infarction (2,5)
was used. Changes in regional wall thickness and radius of
curvature were used as indexes of the effect of expansion
on myocardium adjacent to and distant from the infarct.
These changes were correlated with the extent of expansion
and the age and size of infarction .
Methods
Infarct model. Sixty female Sprague-Dawley rats
weighing 225 to 300 g were anesthetized with sodium meth-
ohexital, 35 mg/kg body weight , administered intraperito-
neally. The rats were given intermittent positive pressure
ventilation with 95% oxygen and 5% carbon dioxide. The
heart was exposed through a left intercostal thoracotomy
and pericardiotomy was performed . The intramyocardialleft
coronary artery was then occluded by snaring and tying a
band of myocardium within 2 to 3 mm left of the proximal
aorta. The chest was then closed. The rats were awake
within 30 minutes after the procedure and subsequently
maintained on standard rat chow . At I, 2 and 3 days after
infarction, the rats were given intraperitoneal heparin and
anesthetized with methohexital. The heart was excised and
immediately submersed in cold 30 mM potassium chloride
to achieve diastolic cardiac arrest. The heart was then rapidly
fixed by intracoronary perfusion of cold 10% formalin so-
lution for 20 minutes. This was done by cannulating the
ascending aorta with polyethylene tubing connected to a
gravity flow apparatus containing the cold fixative. The left
and right ventricles were vented during coronary perfusion,
permitting a constant perfusion pressure of 60 mm Hg at
zero left ventricular load. The heart was kept in cold for-
malin solution for 24 hours and then sliced transversely,
parallel to the atrioventricular groove, in 2 mm sections
from apex to base. The slices were embedded in paraffin
and stained with hematoxylin-eosin and Verhoeff-Van Gie-
son stains.
Infarct size and expansion. All histolog ic slides were
reviewed for the presence and extent of infarction. Rats in
which the ligation of the left coronary artery did not cause
infarction served as sham-operated controls. For each heart,
total left ventricular volume, cavity volume and infarct vol-
ume were determined by serial reconstruction of integrated
cross-sectional areas of the histologic sections. This was
done by projecting the heart sections onto a digitizing tablet
interfaced with a Zeiss Videoplan image analysis micro-
computer. The left ventricular epicardial and endocardial
contours were traced , the infarct zone (if present) was de -
lineated and the specified cross-sectional areas and volumes
were automat ically calculated. Infarct size was then ex-
pressed as a percent of total left ventricular volume.
Expansion was graded semiquantitatively on the basis of
a review of cross-sectional contours as described previously
(2): 0 = no expansion, 1+ = mild thinning of the infarct
zone, 2 + = mild thinning and dilation, 3 + = moderate
thinning and dilation and 4 + = marked thinning and di-
lation. Each heart was graded independently by three ob-
servers without knowledge of the time after coronary li-
gation . Interobserver agreement was good. There were no
discrepancies in assessing the presence or absence of ex-
pansion; at least two observers agreed on the extent of ex-
pansion for all hearts , and there was agreement among all
three observers on more than 90% of hearts. Quantitative
expansion indexes included left ventricular cavity diameter,
cross-sectional area and volume and infarct wall thickness,
which are known to correlate well with the change in re-
gional shape (3).
Further detailed structural evaluation was performed on
the transverse section ofeach heart showing maximal infarct
thinning and cavity size . In each heart , this section was
located within the middle third of the long axis. The trans-
verse left ventricular sections chosen for analysis were di-
vided into six regions by extending radii of curvature from
the center of gravity coordinates of the cavity to the en-
docardial surface of: I) the region of maximal thinning in
the infarct zone; 2) the posterior border zone inside of the
infarct; 3) the posterior border zone outside of the infarct;
4) the midseptal area most remote from the infarct; 5) the
anterior border zone outside of the infarct; and 6) the anterior
border zone inside of the infarct (Fig. 1). Equivalent topo-
graphic regions were defined in control hearts without an
infarct. Wall thickness was determined in each of the six
Figure l. Schematic drawing of a cross section of the heart des-
ignating the six regions analyzed: region I is the area of maximal
thinning within the infarct; regions 2 and 6 are the posterior and
anterior border zones, respectively, just inside of the infarct; re-
gions 3 and 5 are the posterior and anterior border zones, respec-
tively, just outside of the infarct and region 4 is in the remote
noninfarcted septum. Stippled area indicates infarcted area.
Region 4
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Mean infarct size (% LV mass) ± SEM
Hearts with mild (I +) expansion
Hearts with moderate (2 +) expansion
Hearts with severe (3 + to 4 +) expansion
% LV mass = percent of left ventricular mass.
40 ± 5
78% (7)
11 % (I )









regions by extending respective radii to the epicardial sur-
face and measuring the distance between the two surfaces.
Statistical methods. Two-way analysis of variance was
used to assess regional differences in wall thickness within
and among groups (13). This two-factor analysis permitted
evaluation of the independent and interactive effects of site,
age of infarction and severity of expansion . To describe the
changes that occur in hearts with infarct expansion with
respect to these variables, initial comparisons were made
only between control hearts and the hearts with infarct ex-
pansion . Specifically , variation in wall thickness from re-
gion to region was examined in control hearts and compared
with that in hearts with infarct expansion. The specific pat-
tern of wall thickness variation for each group served as an
index of ventricular shape. Within regions , quantitative dif-
ferences were compared between control hearts and the hearts
with infarct expansion. The two-way classification analysis
was done on logarithmic transformations of the data, when
indicated, to correct for unequal variances among groups.
Analysis of variance was also used for the assessment of
differences in regional radius of curvature between the con-
trol hearts and the hearts with infarct expansion . When
significant differences were found, comparisons between
individual groups were made using the Newrnan-Kuels mul-
tiple range test (13).
To examine the independent effects of infarction and ex-
pansion , infarcted hearts with and without expansion that
had been matched for infarct size were compared with each
other and with the control hearts using a similar two-factor
analysis of variance . Matching for infarct size was necessary
because size is a variable that affects expansion . In general ,
nonexpansion infarcts tend to be smaller than infarcts with
expansion (1,2) . The matching and selection of the two
infarct groups , each composed of 10 hearts, was performed
blindly and independently by two persons who were una-
ware of the nature of the study. Identical groupings were
obtained by both persons . In addition, analysis of covariance
(13) was independently used to assess the effect of expansion
on regional wall thickness independent of infarct size. In
this analysis, all hearts with transmural infarction were stud-
ied. In all statistical analyses , a p value less than 0.05 was
considered significant. The results are reported as the mean
value ± SEM.
Results
Fifty-five of the 60 rats that underwent surgery survived
to the designated sacrifice times of I, 2 and 3 days. Forty-
seven of these had successful ligation of the left coronary
artery producing myocardial infarction : 45 had a transmural
infarct and of these, 28 developed infarct expansion. Twelve
had I + severity, 11 had 2 + severity and 5 had 3 to 4 +
severity . Two hearts had a nontransmural infarct and no
expansion and were not included in the statistical analysis.
The eight rats without infarction served as the controls.
Infarct size and severity of expansion. Table 1 sum-
marizes data on infarct size and severity of expansion among
the 28 hearts with infarct expansion, grouped by infarct age.
Table 2 compares cavity size between the 8 control hearts
and the 45 hearts (28 hearts with expansion, 17 without)
that had transmural infarctions . Infarct size was not signif-
icantly different among the expansion hearts grouped either
by age of infarction or by degree of expansion ; the mean
percent infarct size for all animals was 39 ± 3%. Hearts
















Mean infarct size (% LV mass) a 22 ± 2* 35 ± 4
Mean cross-sectional cavity 11.4 ± 1.6 11.9 ± 0.7 15.7 ± 1.8
area (mm2)
*Significantly less than other infarct groups (p < 0.001); t significanlly greater than control (p < 0 .001)
and significantly greater than 1+ (p < 0.01). Data are reported as mean values ± SEM. Abbreviations as in
Table I .
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without expansion had a smaller infarct, averaging 22 ±
2% of the left ventricle (p < 0.001). the extent of expansion
increased after day 1: of infarcts examined at day 1, 7 of 9
were graded 1+ , whereas of the day 2 infarcts, 5 of 8 had
a grade of 2 + and of the day 3 infarcts, 9 of 11 had grades
of 2 + or more.
Histologic evaluation showed the usual sequence of
changes in the infarct with time. The infarct zone in the day
1 infarcts showed hypereosinophilia; by day 2 the infarcts
showed inflammatory infiltrates consisting largely of po-
lymorphonuclear cells at the margins of the infarct zone
with some myocyte drop out at the margins. At day 3, the
inflammatory infiltration and myocyte degeneration were
more extensive, moving from the border areas toward the
center of the infarct.
Regional wall thickness. Figure 2 compares wall thick-
ness for each of the six regions in the 8 control hearts and
in the 28 hearts with infarct expansion by both age of in-
farction and extent of expansion. Control hearts showed
significant regional variation in wall thickness (top line in
each panel, p = 0.005). The lateral free wall (region l)
and anterior wall (regions 5 and 6) were of nearly equal
thickness. The posterior wall regions (2 and 3) were thicker
and the septum was thinner (region 4).
In the hearts with infarct expansion (region 1) the area
of maximal infarct thinning had, as expected, a significantly
decreased wall thickness compared with control hearts. The
degree of infarct thinning in the infarct region, however,
was similar at each time point and did not increase by day
3 despite the evolution in histologic findings over time (Fig.
2A). All other regions including the septum (a normal zone
remote from the infarct) showed a significantly decreased
wall thickness compared with control hearts for all three
infarct ages (p < 0.000 l) and also showed no clear pro-
A.
Figure 2. Mean regional wail thickness for
the six regions (RI to R6) shown in Figure 1.
A, Comparison of control hearts (top Ime) with
hearts with infarct expansion by infarct age at
time of sacrifice (I day, 2 days and 3 days).
Control hearts showed significant regional
variation in wall thickness (p = 0.005). Among
the hearts with infarct expansion, all regions
showed wall thinning compared with control
hearts (p < 0.0001), but there were no sig-
nificant differences among the three infarct ex-
pansion groups for any of the regions. How-
ever, comparing hearts by extent of expansion
(Expan) (B), overall wall thinning increased
as expansion grade increased from 1+ to 3+
to 4 + (p < 0.004). The pattern of wall thick-
ness variation in hearts with infarct expansion
was significantly different from that in control
hearts (p < 0.005).
R6R5
<>-- Control (n~81
t> . 1+Exp.n (n 12)
D- - 2+Expan (n~ 11)
~-- 3-4+Expan (n"5)
0-- Control (n=8)
t>.. , lo.y (n=91
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Severity of Infarct Expansion
Control 1+ 2+ 3+ to 4+
(n = 8) (n = 12) (n = II) (n = 5) P Value
Region I (infarct zone) 1.90 ::!: 0.10 2.23 ::!: 0.14 2.67 ::!: 0.16t 3.19 ::!: 0.17+ <0.001
Region 2 (post border inside infarct) 1.50 ::!: 0.22 2.20 ::!: 0.16* 2.61 ::!: 0.13* 2.72 ± 0.30* <0.001
Region 3 (post border outside infarct) 1.38 ± 0.25 2.28 ± 0.21* 2.57 ± 0.16* 2.80 ± 0.35* <0.002
Region 4 (remote septum) 1.64 ± 0.16 2.00 ± 0.13 2.50 ± 0.18t 3.21 ± o.rn <0.001
Region 5 (ant border outside infarct) 1.81 ± 0.18 2.08 ± 0.21 2.43 ± 0.13 3.07 ± 0.12t <0.007
Region 6 (ant border inside infarct) 1.81 ± 0.18 2.06 ± 0.15 2.60 ± 0.18t 2.80 ± 0.33t <0.007
*Significantly different from value in control hearts; tsignificantly different from value in control hearts and hearts with I + expansion; tsignificantly
different from value in control hearts and hearts with I + and 2 + expansion. Data are reported as mean values ± SEM. ant = anterior; post = posterior;
other abbreviations as in Table I.
gression of thinning with age. Wall thinning was consist-
ently greater in the infarct zone, with a 55% decrease from
normal, than in remote noninfarct regions, which showed
a 28% decrease from normal (p < 0.001). As with normal
control hearts, hearts with expansion showed variation in
wall thickness in all regions, but the variation in the ex-
panded hearts was significantly different from that in control
hearts (p < 0.003). The pattern of wall thickness variation
among expanded hearts, however, was similar, independent
of infarct age. Thus, global cardiac shape, expressed as the
pattern of regional wall thickness variation, was different
in hearts with expansion than in control hearts.
Comparing hearts by extent of expansion, there was an
increase in overall thinning as expansion grade increased
(p < 0.004), but the pattern of regional variation in wall
dimension from site to site was similar and significantly
different from controls (p < 0.005) (Fig. 28). Thus, ex-
pansion of the infarcted region was associated with a global
cardiac shape change, which was expressed early and even
in mildly expanded hearts.
The regional radii of curvature were determined and
compared for control hearts and hearts with infarct expan-
sion (Table 3). As with wall thickness, all regions were
affected and the extent of dilation increased as expansion
increased in severity (p < 0.0 I). Across all grades of thin-
Table 4. Regional Radius of Curvature: Wall Thickness Ratio
ning and dilation, the ratio of regional radius of curvature
to wall thickness increased (p < 0.005), an indication of
increased regional wall stress (Table 4).
Relation to infarct size versus expansion. To deter-
mine whether the observed differences in regional wall
thickness and shape in the hearts with expansion could be
attributed to the presence or extent of infarction itself, rather
than to expansion, two separate analyses were performed.
First, using two-way analysis of variance, regional wall
thickness was compared between 10 infarcted hearts with
expansion and 10 without expansion, matched for infarct
size, and both of these groups were compared with the 8
control hearts. Mean infarct size was 24.0 ± 3.3% in the
nonexpansion infarct group and 24.2 ± 3.6% in the ex-
pansion group. Hearts with expansion had significant wall
thinning in all regions compared with the nonexpansion and
control hearts (p < 0.00 I), whereas the hearts without ex-
pansion did not differ from control hearts (Fig. 3). As just
described, the overall pattern of regional variation in wall
thickness was different between expansion and nonexpan-
sion hearts (p < 0.03), and the hearts with an infarct that
had not undergone expansion had a regional variation in
shape similar to that of control hearts.
Using analysis of covariance, we examined the indepen-
dent effects of expansion and infarct size on regional wall
Severity of Infarct Expansion
Control 1+ 2+ 3+ to 4+
(n = 8) (n = 12) (n = II) (n = 5) p Value
Region 1 (infarct zone) 0.82 ± 0.08 2.02 ± 0.13* 2.51 ± 0.23* 3.82 ± O.44t <0.001
Region 2 (post border inside infarct) 0.58 ± 0.11 1.23±0.11* 1.57 ± 0.15* 1.92 ± 0.26t <0.001
Region 3 (post border outside infarct) 0.48 ± 0.11 1.09 ± 0.11* 1.33 ± 0.14* 1.63 ± 0.27* <0.001
Region 4 (remote septum) 0.75 ± 0.09 1.10 ± 0.11 1.90 ± 0.24t 2.41 ± O.27t <0.001
Region 5 (post border outside infarct) 0.77 ± 0.09 1.02 ± 0.12 1.35 ± 0.17* 1.96 ± 0.18t <0.001
Region 6 (post border inside infarct) 0.77 ± 0.08 1.33 ± 0.16* 1.77 ± 0.22* 1.96 ± 0.24* <0.002
*Significantly different from value in control hearts; tsignificantly different from value in control hearts and hearts with 1+ expansion; tsignificantly
different from control hearts and hearts with I + and 2+ expansion. Data are reported as mean values ± SEM. Abbreviations as in Tables I and 3.
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<>-- Control (n'8)
3.5 to Non-Expen (n'10)0--- Expen (n=101 Figure 3. Mean regional wall thickness in control
3.0 hearts and hearts with infarction with and without
e expansion. The two infarctgroupsof to heartseach,
..s 2.5 'i> matchedfor infarct size, had been chosen from the
'i> two larger groups of hearts with (n = 28) andUl
Ul
without(n = 17)expansion.The heartswith infarctUJ 2.0
'.> '.> -~-z:.: Jd----Q.-- expansion showed significant wall thinning in allu
.... 1.5 /'
--8
-0 regions compared with control hearts and hearts:I: /'l- /' without infarct expansion (p < 0.(01). The pattern
...J
...J 1.0 0 of regional wall thickness variationwas different in
<
:K the hearts with expansionfrom that in the other two
0.5 groups (p < 0.03). Control hearts and hearts with-
out infarct expansion were not significantly differ-
0.0 ent. Abbreviations as Figure 2.
RI R2 R3 R4 R5 R6
thickness. All 45 transmural infarcts were used in the anal-
ysis. For each region, wall thickness significantly correlated
with expansion (p < 0.(01), but not with infarct size (Fig.
4). Comparing pairs of regression lines of wall thickness
and infarct size in the infarct zone (region 1) and the remote
septum (region 4), for any given infarct size expansion
hearts had thinner walls in a particular region than nonex-
pansion infarct hearts. In addition, as infarct size increased,
either with expansion hearts or nonexpansion hearts, there
was no significant change in wall thickness within a given
region.
Discussion
Cardiac dilation after myocardial infarction is associated
with increased mortality (14-17). Earlier studies (3,6) have
shown that infarct expansion-regional thinning and dila-
tion of the infarct zone-significantly contributes to this
early global dilation. However, alterations in myocardial
structure outside of the infarct may also contribute to both
early cardiac dilation and late cardiomyopathic remodeling
and, hence, to poor prognosis. Although the shape change
within the infarct zone might be more marked, any changes
in cardiac structure in noninfarcted myocardium could be
of greater significance because they affect the remaining
viable myocardium.
Choice of infarct model. In this study, we used the rat
coronary ligation model of acute infarction to investigate
the effects of infarct expansion on the structure of myocar-
dium adjacent to and remote from the infarct. This model
has proved useful in studying infarct expansion (2). The
infarcts produced are uniformly large and usually transmural,
and like human transmural infarcts (18), a significant num-
ber of hearts undergo infarct expansion. As in human beings,
it has been shown that infarct expansion in this model leads
to later aneurysm formation (5). Thus, we were able to study
the early fate of normal noninfarcted myocardium in hearts
with infarct expansion. Changes in wall thickness and radius
of curvature were determined in regions within, adjacent to
INFARCT ZONE (REGION 1) MID-SEPTUM (REGION 4)
4.0 4.0 NON-EXPANSION
<> --- Figure 4. Lack of correlation be-3.5 3.5 EXPANSIONE E 0- tween regional wall thickness and in-
.5 3.0 .5 3.0 farct size for hearts with and without
en 0 en expansion in the infarct zone (regionen 2.5 U1 2.5
UJ UJ 0 I) and the remote septum (region 4).
z ..... 0'" z 0 0
00 0
:><: 2.0 ~- :><: 2.0 0,/.---0 c?" The linear regression lines are alsou '0_ u ~<>i 00 0 Q 0H 0 -0
-
>-I nOO shown. The relation was not signifi-
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...J 1.0 0 o d' ..,lta ...J 1.0 00 For any given infarct size, wall thick-
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and distant from the infarct zone to precisely quantify and
localize alterations in left ventricular shape.
Time course of changes in ventricular structure (com-
parison with human studies). In a recent clinical study
(7) using two-dimensional echocardiography, we demon-
strated progressive global cardiac dilation in human hearts
with expansion detectable 3 weeks after myocardial infarc-
tion. However, using a similar method, dilation of normal
regions was not detected in the first 3 days after myocardial
infarction when segment lengths were compared between
patients with infarct expansion and patients without infarc-
tion (6). There are several likely reasons for the apparent
differences between the results of the present study and our
previous results.
Echocardiographic measurements in human beings may
lack the sensitivity to demonstrate the early structural changes
detected in this study. Rats of the same species and similar
gender, age and weight have low variability in heart size
and dimensions. This makes detection of intergroup differ-
ences easier than in human studies, in which there is con-
siderable heterogeneity of normal dimensional values for
the heart. Because of the underlying variability among con-
trol subjects in our echocardiographic study of human acute
infarction (6), we insisted on a difference of ± 2 SD (a
difference of almost 40%) to be considered out of the normal
range. Thus, the large variability among controls may have
contributed to our inability to detect a significant change in
remote regions early after infarction . We excluded, then,
only very large changes in segment length . However , in our
earlier human study (7), we were able to demonstrate a 19%
increase in segment length of normal remote regions in
hearts with expansion several weeks after infarction because
each patient served as his or her own contro!'
It is also obvious that measurements on gross pathologic
specimens fixed under controlled loading conditions and
during a specific phase of the cardiac cycle have higher
precision and reproducibility than do echocardiographic
measurements that cannot control for these factors . The
technique of rapid intracoronary perfusion to produce dia-
stolic arrest with controlled ventricular pressures has been
shown (19) to reproducibly accomplish these control1ed
conditions .
Nevertheless. differences in the time course of myo-
cardial infarction between the rat model and human in-
far ction do exist . The histopathologic evolution of infarction
in the rat heart progresses at about twice the rate that it does
in the human heart . It is thus possible that the changes in
the remote normal regions that accompany infarct expansion
take place faster in the rat than in the human subject. How-
ever , even if this were true , early remote remodeling of the
human ventricle after myocardial infarction would still be
expected because severe expansion can be seen early in
human beings, and severity of expansion rather than tithe
after infarction is the important factor in these shape changes.
In the present study, 1 day old infarcts with moderate to
severe expansion showed the same degree of septal thinning
as similarly expanded 3 day old infarcts.
Although other studies have also demonstrated dilation
of normal regions early after myocardial infarction (8-10),
this dilation has usually been attributed to a compensatory
Frank-Starling mechanism (8-12). Our results , which were
obtained using postmortem specimens uniformly prepared
by perfusion fixation of vented hearts, show that there is a
fixed change in overall cardiac structure in hearts with infarct
expansion that is independent of loading conditions. In ad-
dition, the changes in regional dimensions and overall left
ventricular shape that accompany expansion were indepen-
dent of infarct size.
Implications: adverse changes in ventricular struc-
ture and function. The alteration in shape of normal non-
infarcted myocardium seen in hearts with infarct expansion
may give rise to some of the adverse consequences asso-
ciated with expansion by contributing to poor left ventricular
function. The importance of cardiac size and shape in car-
diac function has been recognized for some time. In 1892,
Woods (20) reported the dependence of cardiac pump func-
tion on cardiac structure when he applied the law of Laplace
to explain the structural and functional differences of the
right and left ventricles . The law of Laplace applied to the
heart relates left ventricular wall stress to intracavitary pres-
sure, radius of curvature and inversely to wall thickness .
The Laplace relation has proved useful in assessing the
influence of changes in cardiac shape on ventricular per-
formance. Using the law of Laplace, changes in wall thick-
ness and cavity radius can be used as indexes of cardiac
shape that will predict changes in cardiac function (21,22).
Because the heart must generate certain minimal pressures,
as the ratio of chamber radius to wall thickness increases
(that is, as the heart dilates), wall stress and thus cardiac
work load increase (23-25) .
In the present study, in hearts with infarct expansion,
regional wall thickness decreased and radius of curvature
increased at all sites within , adjacent to and remote from
the infarct. From the law of Laplace, a thinned dilated infarct
zone contributes to poor left ventricular function by increas-
ing the radius to wall thickness ratio of the heart. However,
the increase in wall stress imposed by the infarct thinning
and dilation has functional consequences on only the living
noninfarcted myocardium. This increase in wall stress in
the remote normal regions may be the stimulus for the early
thinning and dilation of these regions . When additional thin-
ning occurs in these normal regions, cardiac performance
is further impaired by again increasing the radius of cur-
vature to wall thickness ratio.
The observation that worsening expansion is accom-
panied by more marked increases in wall thinning ofnormal
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myocardium may be an indication of an ongoing interaction
between the expanded infarct and the dilating normal region.
That is, as the infarct thins and dilates, causing increased
wall stress and in turn dilation of the normal region, further
thinning and dilation of the infarct zone occur, which again
cause more distortion in the shape of distant normal regions.
This cycle would cause progressive worsening of left ven-
tricular function and impose increased oxygen demands on
remaining viable myocardium. The latter, particularly in the
setting of multiple coronary stenoses, could be a cause of
ischemia in the remaining viable myocardium.
It is also likely that the early increased stress on the
remote normal myocardium caused by its stretching be-
comes a stimulus to hypertrophy of the remote region (26),
leading to a late permanent remodeling of the heart after
infarction. In addition, changes in coronary anatomy may
occur as a consequence of both the primary structural changes
of infarct expansion and the concomitant changes in the
remote myocardium. Such changes could contribute to al-
terations in coronary flow in remote regions and, in them-
selves, contribute to cardiac dysfunction.
Conclusions. This study shows that detrimental changes
in cardiac shape may result from acute myocardial infarction
and that these shape changes affect viable myocardium as
well as myocardium that has sustained direct damage. These
changes in cardiac shape occur early after infarction. They
may have important early functional consequences and lead
to late adverse structural and functional changes in the left
ventricle.
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